. 1 Location of the sampling points in the Poyang Lake basin Name Description N-H1 Main lake of Poyang Lake in Nanji Mountain N-H2
Butterfly Lake in Wanjiaqiao section N-H3
Between the Butterfly Lake and Chang Lake N-H4 Gan River 200 m from Nanjiang Bridge W-H5 Downstream the north branch of Gan River W-H6
Wucheng at the confluence of Gan River and Xiushui River W-H7
Dahu Pond in Wucheng R-H9
Confluence Changjiang section of Rao River and Le'an River H-H11
Hukou near the mouth of Poyang Lake G-H8 Southern Gan River Y-H10 Yao Lake in Nanchang
Selection of Sampling Points
This study selected eleven sampling points (Table 11 .1) in different areas of Poyang Lake area ( Fig. 11.1 ).
The collection of water samples took place in September 2016. The samples were collected with a one liter plexiglass water sampler in a water depth of 0.5 m. Three samples (two bottles of one liter, one bottle of 500 ml) were collected from each sampling point. The water samples were autoclaved with high temperature autoclave. Water temperature, pH and conductivity of the samples were measured parallel to the sampling. After they returning the samples to the laboratory, total nitrogen (TN), total phosphorus (TP) and other metal elements were determined.
Principles and Procedures of High-Throughput Sequencing

Principle of High-Throughput Sequencing
The principle of high-throughput sequencing is to hybridize the Polymerase Chain Reaction (PCR)-amplified single-strands with primers and incubate with enzymes such as DNA polymerase, ATP sulfatase, luciferase and 5 -phosphosulfate, so that the deoxyribonucleotide triphosphate (dNTP) will be connected to the primer. At the time of the sequencing reaction, each of the dNTPs added was paired with a to be determined template. Concurrently, an equimolar amount of pyrophosphate groups was released, which formed ATP under catalysis of ATP sulfatase. Driven by ATP and catalyzed by Luciferase, Luciferin is transformed into oxyluciferin, simultaneously emitting a visible light signal that is proportional to the amount of ATP. ATP and unincorporated dNTP are degraded, the light signal is quenched and the initial reaction system is re-established, the next type of dNTP is added and the cycle begins again.
High Throughput Sequencing Procedures
The sample was first filtered with a 0.80 μm filter to remove the sediments and other impurities. It was then filtered with a 0.45 μm filter to obtain the microorganisms in the water [6] . High throughput sequencing is mainly done on an Illumina sequencing platform [7, 8] , and its specific operations include the following:
1. The DNA fragment is complementary to the base of the primer and then immobilized on the chip 2. A section of the DNA fragment is attached to a DNA primer through complementary base paring and is immobilized on the chip 3. The other end of the DNA fragment is also complementary to another primer in the vicinity, they become attached thereby forming a "bridge" 4. Polymerase Chain Reaction (PCR) amplification, results in DNA clusters 5. The resulting DNA amplicons are formed linearly into single strands 6. The modified DNA polymerase and the dNTP with four fluorescent markers are added, with only one base synthesis per cycle. 7. The surface of the reaction plate is scanned with a laser, reading the sequence for each template in the first round of nucleotide polymerization. 8. The "fluorescent group" and "terminating group" are chemically incised, the 3' cohesive end is restored, and the procedure to polymerize the second nucleotide continues. 9. The results of the fluorescence signals are collected in each round and the sequence of the template DNA fragments are known.
Analysis of High Throughput Results
Effective Sequence Analysis
In this study, eleven samples were analyzed by high-throughput sequencing, and 333794 effective base sequences were obtained. The average sequence of each sample was 30345, and the average length of each sequence was 438.74bp. Among them, the most valid base sequence in all the samples was N2, and the effective base sequence was 36164, and the average sequence length was 434.70bp. The number of effective bases found in all samples was R9, only 21525 valid primers were found, and the average length of the sequence was 443.30bp. By analyzing the effective base sequence, it is helpful to better evaluate the bacterial community structure and diversity level in all samples. The length distribution of each sample is shown in Fig. 11 .2. It can be seen from the figure that most of the effective bases in all the samples are between 421 and 460 bp, which is in good agreement with high throughput requirements and standards.
Operational Taxonomic Units (OTU) Generation and Comparison
In the process of bioinformatics, each sequence obtained from the sequencing is derived from a bacterium. To better understand the microbial composition in a sample, we need to categorize all the valid sequences according to the similarities between them, each category is an OTU, usually on the basis of a 96%-98% similarity for an appropriate OTU division [9, 10] . In this article, a similarity of 97% or more is required in order to be classified as an OTU. In this paper, 
Dilution Curve
The dilution curve is built with the number of individuals and the number of species.
It can be used to compare the abundance of species in different samples of sequencing data, and can also be used to reflect the validity of the sample sequencing. When the curve plateaus, that means the sequencing of the sample is reasonable, that is to say that the data obtained via the sequencing can encompass the study area. If the dilution curve shows an upward trend, that means there are hidden species in the sample that have not yet been found. In this study, the dilution curve was plotted and the diversity index was carried out at a similarity level of 97%. The dilution curve is shown in Fig. 11 .3. It can be seen from Fig. 11 .3, when all the samples achieve 17384, all sample dilution curves tend to be flat. This means that all microbial species in all samples had been covered and no hidden species were detected.
Microbial Community Diversity Analysis
The diversity of microbial communities in the surface water of the lake is illustrated by the Shannon-Wiener index. At the same time, the abundance-based coverage estimator (ACE), index and Chao1index (Community abundance index) are used to define the abundance of the samples while analyzing the saturation level of the sequencing results. The sequencing depth for all samples are illustrated using the dilution curve while the depth of sequencing coverage is described using the coverage index (Coverage). When the coverage is 100%, it indicates that the microbes detected in the sequencing contains all the microbes present in the test sample. For the microbial diversity indices for all samples in this study, see Table 11 .2.
The coverage indices in all samples reached more than 99% (Table 11. 2). It indicates that the microbial community measured in this sequencing could represent 99% of all microbial communities in the sample. In terms of abundance, the ACE index of H-H11, W-H6, W-H7 and N-H1 is relatively high, while the ACE index of N-H4 and W-H5 is maintained at a relatively low level. Through the analysis of the chao1 index can also draw the same conclusion. It also shows, indirectly, that the calculation of these two indices are basically similar. The Shannon index represents the microbial diversity. The higher the fragrant Warner index, the higher the diversity of microbes in the sample. As can be seen from Table 11 .2, the Shannon index of H-H11 samples in the eleven samples were the highest and the N-H4 samples were the lowest.
Phylum Distribution Analysis of the Bacterial Community
This study classified the eleven samples based on their phylums. The specific results are shown in Fig. 11.4 .
As shown in Fig. 11 .4, the microbes detected in the eleven samples belonged to 34 phylums. Among them, Proteobacteria (41.2%) had the highest abundance, and was followed by Bacteroidetes (20.7%). The proportion of these two bacteria in the total gene sequence reached 61.9%. Within the phylum of Proteobacteria, Betaproteobacteria (20.3%) had the highest abundance, followed by Gammaproteobacteria (11.1%), Alphaproteobacteria (6.4%), and δ-Proteus (Deltaproteobacteria, 1.3%). The phylum Actinobacteria (8.9%) had the third highest relative abundance of microbes, where Cyanobacteria with a relative abundance of 7.78% ranked fourth and Verruvermicrobia (4.01%) ranked fifth. The relative abundance of the other phylums were less than 4%. At the same time, it can be seen from Fig. 11 .4 that the proportion of Bacteroidetes between the different samples is quite different. The results showed that Fig. 11.4 Analysis of bacteria community on phylum distribution dynamic changes were greatest with Acidobacteria, Spirochaetae and Chlorobi, and the variation coefficients of the dominant bacteria ranked as follows Cyanobacteria > Verrucomicrobia > Actinobacteria > Bacteroidetes > Proteobacteria. Univariate analysis of the relative abundance of bacteria at the phylum level found that there was a significant difference in the relative abundance of the classified bacteria at almost all phylum levels (p < 0.05).
Genus Distribution Analysis of the Bacterial Community
Through the structural analysis of the bacterial community genus distribution, the results indicated that the bacterial community structure in the 11 samples could be classified into 414 genera (For the convience of mapping and maintaining a neat figure, any bacterial genus with a relative abundance of less than 1% is grouped as [other] ). The histogram of bacteria community on genus distribution was shown in Fig. 11 .5.
As can be seen from Fig. 11 .5, 414 genera were detected, and those with the highest relative abundance was hgcI_clade (20.9%), CL500-29_marine_group (6.9%), Rheinheimera (4.6%), Sporichthyaceae_unclassified (3.6%) and Flavobacterium (3.1%). The relative abundance of other bacterial genera was less than 3%. The five bacteria genera above are the dominant bacterias. The large differences (p < 0.05) in the community structure of the microbial community between the different samples were also apparent with the univariate analysis of the relative abundance of the genera present. HgcI_clade was found in all the samples, which were tested for all species belonging to the dominant species. But between the different samples, hgcI_clade still had a large difference in abundance: in sample G8, the abundance of hgcI_clade was 8%, while in the W-H6 sample, the proportion is 28%. The relative abundance of Rheinheimera in sample N-H4 reached 22.6%, but was not detected in Y-H10. It can also be seen in Fig. 11 .5 that certain bacterial genera were only present in a single sample or several samples, but are not detected in other samples. Acidovorax has a relative abundance of 15% in sample R-H9%, but it is not found in the sample H-H11. At the same time, the sample Y-H10 has the highest degree of eutrophication of all eleven samples with a comparable level in the bacteria genera present. The proportion of Cyanobacteria_norank and Synechococcus in Y-H10 is much higher than in other samples. It can be seen that these two species of bacteria are more adaptable to eutrophic water bodies, and can become indicators of water eutrophication.
Species Distribution Analysis of the Bacterial Community
The results showed that the bacterial community structure in the eleven samples belonged to 678 species (In order to facilitate the mapping and graphics, any species with a relative content of less than 1% is grouped as [other] ). The 678 species were Those with the highest abundance according to species distribution are bacterial communitieshgcI_clade_unclassified (12.3%), hgcI_clade_uncultured_ bacterium (8.6%), CL500-29_marine_group_unclassified (6.1%), Sporichthyaceae_ unclassified (4%) and Rheinheimera_uncultured_gamma_proteobacterium (3.6 %). The univariate analysis of the relative abundance of the species present reveals that there is a great difference between the different strains in the bacterial community structure at the species level.
The relative abundance of hgcI_clade_unclassified in sample N-H2 is 18%, but the relative abundance in G-H8 is only 4.4%. For the bacterial community structure of bacteria measured at the individual level, in the sample G-H8, the most abundant species were Aquabacterium_unclassified (8.6%), Pseudomonas_unclassified (8.5%) Pseudomonas_peli (7.7%) and hgcI_clade_unclassified (5.3%). In the sample R-H9, the most abundant species were Acidovorax_unclassified (19.1%), Flavobacterium_unclassified (7.4%), hgcI_clade_uncultured_bacterium (6.5%) and hgcI_clade_unclassified (5.6%). In the sample N-H4, Rheinheimera_uncultured_ gamma_proteobacterium was the dominant species with a relative abundance was of 21%. In other samples, the content of Rheinheimera_uncultured_gamma_ proteobacterium was very low, between 1% and 6%. In the sample Y-In H10, Rheinheimera_uncultured_gamma_proteobacterium was not detected. The difference in the bacterial community structure of different samples is due to the impacts of human activity which varies with the different samples. Furthermore, the source of surface water pollutants is also varies.
Similarity Clustering Analysis of Bacterial Communities
The similarities and differences between the relative abundance of the bacterial communities in the multiple samples was delineated and contrasted using a tree structure. Firstly, the distance between the samples is calculated by using an algorithm that describes the relationship and structure of the community. The hierarchical clustering analysis is carried out according to the beta diversity distance matrix. Then, the tree structure is constructed by using the unweighted group average algorithm and the similarity clustering tree which is shown in Fig. 11.7 .
As it can be seen from Fig. 11 .7, two major clusters could be obtained from the 11 samples bacterial communities. The samples R-H9 and G-H8 are quite different from the other samples is quite different, which is consistent with the conclusion drawn from the microbial community structure study. The samples Y-H10 and N-H2 are also different from the other samples.
The effects of human activities on the samples Y-H10 and N-H2 were significant, which leads to a higher eutrophication degree of samples Y-H10 and N-H2 than the other samples. Seven samples with similar variability differences can be seen from the similarity tree, and the degree of similarity clustering of these seven samples is almost the same as the spatial distribution of the sampling points. 
Summary
1. The microbial Shannon-Wiener index of Poyang Lake and river-lake ecotone are between 3.9 and 5.44. The microbial population can be termed as rich. 2. The microorganismcan be classified into 34 phylums distribution groups. Among them, Proteobacteria, Actinobacteria, Baceroidetes and Cyanobacteria are dominant. 3. A total of 414 genera were obtained from the studied bacteria at the genus.
Among them, hgcI_clade, CL500-29_marine_group, Rheinheimera, Sporichthyaceae_unclassified and Flavobacterium dominate the microbial community structure. 4. A total of 678 species were detected at the species level, and hgcI_clade_ unclassifie, hgcI_clade_uncultured_bacterium, CL500-29_marine_group_ unclassified, Sporichthyaceae_unclassified and Rheinheimera_uncultured _gamma_ proteobacteriumwere the dominant species of bacteria in the investigated surfacewater bodies under high water level.
